Abstract The internal transcribed spacer (ITS), located between the 18S and 26S nuclear ribosomal DNA (rDNA) sequences, has a high degree of variation. Analysis of ITS sequences is commonly used to identify the authenticity of Chinese herbal medicines. The aim of this study is to analyze ITS sequences of Angelica from different habitats to find out whether there are differences in sequence. Angelicas from three habitats were used in this study, including Taiwan, Sichuan Province (China), and Gansu Province (China). DNA was extracted from Angelicas, and ITS sequences were analyzed using polymerase chain reaction (PCR) and direct sequencing. The results showed that the similarity of ITS-1 and ITS-2 rDNA sequences in Angelicas produced in Gansu and Sichuan Provinces is up to 100%, and that produced in Taiwan and Sichuan Province is 88% and 87%, respectively. Therefore, we could use PCR and ITS sequencing analysis to identify whether these Angelicas were the same strain, in order to determine their worthiness and authenticity in terms of traditional Chinese medicine.
Introduction
The authenticity and quality level of a Chinese herbal medicine often affect its efficacy. Angelica is a popular Chinese herbal medicine which is also added to dishes as a tonic. Among various strains of Angelicas, those produced in Sichuan Province of China are the most famous ones because of their high quality. The internal transcribed spacer (ITS) region, located between 18S and 26S nuclear ribosomal DNA (rDNA) sequences, contains a highly conserved and variable region and, therefore, is frequently used to identify the authenticity of Chinese herbal medicines. 1e3 In this study, we analyzed the ITS sequences of Angelicas from various habitats to identify whether there are any differences in their sequences.
Materials and methods
Two samples of Angelica sinensis (Gansu and Sichuan Provinces, China) and one sample of Angelica acutiloba (Taiwan) were used in this study. A sinensis was purchased from a Chinese herbal medicine store, and A acutiloba was purchased from Yuf Biotechnology Company (Pingtung, Taiwan). DNA was extracted from Angelicas using a Puregene DNA isolation kit (Gentra Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. 
Results
The results from PCR analysis showed the length of the ITS-1 and ITS-2 fragments to be 400 and 450 bps, respectively (Fig. 1) . The sequencing analysis showed that the ITS-1 and ITS-2 rDNA sequences in Angelica strains from Sichuan and Gansu Provinces are 100% identical, indicating that Angelicas from these two provinces are from the same strain. ITS-1 and ITS-2 rDNA sequences between Angelicas from Taiwan and Sichuan showed similarity of 88% and 87%, respectively, indicating that the two are not from the same strain.
Discussion and conclusion
The gene sequence of plant nuclear ribosomal DNA showed a high degree of homology within the same species, with small evolutionary variability. The ITS sequences of rDNA contains variable regions and have been considered as powerful genetic markers for the identification of closely related species. 4, 5 Analyses of ITS sequences are often used to identify different species for appraising the origin of the Chinese herbs that are morphologically similar. In China, A sinensis grows mostly in places such as Gansu, Sichuan, and Yunnan Provinces. In Taiwan, A acutiloba grows mostly in the rural areas of Hualien County, including Yuli, Zhuoxi, Rueisuei, and Kuangfu. Sequence analysis of this study confirmed that ITS-1 and ITS-2 sequences of A sinensis are different from that of A acutiloba. These ITS sequences act as genetic markers for the identification of plant species and, thus, are used to identify one of the favorable evidences for the authentication of Chinese herbal medicine. Figure 1 PCR analysis of ITS-1 and ITS-2 sequences. Length of ITS-1 and ITS-2 fragments is 400 and 450 bps, respectively. D1 and D2 represent Angelica from Sichuan province, China; T1 and T2 represent Angelica from Taiwan; and G1 and G2 represent Angelica from Gansu province, China. ITS Z internal transcribed spacer; PCR Z polymerase chain reaction.
